
A HIGHLY STABLE 

REFERENCE STANDARD CAPACITOR 


The transfer of the IukH accuracy of 
measurements at the National Bureau 
of Standards to other lalx>ratorie8 re- 
(|uire8 standards of correspondingly liigh 
stal)iiity. For example, XBS now cali- 
hrates capacitance standards of 1000 pf 
at UXK) cps with an a<*euracy lietter 
than ±0.002% or ±20 ppm (parts per 
million). But, whenever a capacitor cali¬ 
brated at NliS is moved to another 
lalH)ratory, the uncertainty of the cali¬ 
bration is increased by the possible 
clianges in capacitance when the ca|>aci- 
tor is transferred to and measured at the 
new IcM'ation. Capacitance changes of the 


order of 20 ppm can occur in most captic- 
itors for several reasons. 

SOURCES OF INSTABILITY 
Mechanical Shock 

Perhaps the most obvious source of 
change is mechanical displai‘cment of 
the capacitor plates, resulting from vi¬ 
bration or shock in tninsi>ort or in 
handling. .Most capacitors must l>e 
handled with particular care to ke(‘p 
such changes lx»low 20 ppm. Facii with 
no handling at all, a capacitor sitting 
on a shelf can change in caiwcitancc 
with time, Iwcausc any strains left in 
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iIh? capacitor materials at tla* time of 
constniction can cliango with ago and 
tinis changi* plate area or SL'paration. 

Temperature 

L'apacitanee change also results from 
temp(‘rature change, not only Ix'cause 
the dimensions are changed hy mechani¬ 
cal ex|>:insion hut also l)ecaus<‘ the |x*r- 
mitlivity. particularly of solid dielectric 
materials, varies with tem|)erat tire. Typi¬ 
cal standanl capaciitirs with air di¬ 
electric and plates of hmss or aluminum 
have tem|><‘rature coefficienis of capaci¬ 
tance of the order of Hi to 2‘J ppm 
while tin* coefficient of a mi<*a cafiacitor 
is <if the order of 10 ppm Tncertain- 
ties of tlu* order of 20 pp m can therefore 
result from tem|H'raturf' changes of only 
one degree. In order to apply eornM‘tions 
to reduce thest* uncertainties, accunite 
knowledge of both <*apacitor tcmtierature 
and temiwrature coefficient is reciuired. 

Atmospheric Pressure and Humidity 

(Tianges of capacitance with atmo.s. 
plaaic pressun* and humidity an* le.ss 
familiar liecause the elTecIs are usually 
negligible. lb>wever. in an air-dielectric 
capacitor that is not hermetically 
sinded, the density of the air dielectric 
l)etween capacitor plates will change 
with temjx'rature and with atmospheric 
pressure. The resulting change in capaci¬ 
tance is alxMil — 2_ppm at room 


tem|H‘rature and -f 18 ppm per inch of 
nuai'ury pn^ssure change. Since the 
atmospheric |)ressure ami demsity d«‘- 
creasi* with altitude, if such an unsc‘aled 
capacitor is moved from Wa.^ihinglon 
near sea level to tlu* mile-high altitmie 
of Houlder, Colorado, the capacitance 
will de<*reas4» l»y the no-long(*r-incon- 
siderable order of HKI ppm. If water 
vajuir is pn'siait in the air. the dielectric 
constant is incn*as(Hl, and the capaci¬ 
tance increase with atmosph(*ric humid¬ 
ity is approximately 2 ppm per iH*rcent —^ 
relative humidity. \Vater"lhat conden.'^'T 
c7n (‘apa< itor''plutes or soaks into solid 
dielei'lrics caus<*s capacitance changes 
that are usually larger and h'ss predict¬ 
able. 

Hysteresis 

.\not her deficiency, wiru*!i app(*ars in 
most capacitors when parts ix*r million 
iM'come important, is that of hysterc'sis 
in the relation iKUween capacitam'e and 
temjx^rature. When a capacitor is sul>- 
jccled to relatively large temix'niture 
.changes, su<*h as those that can result 
from shipnu'nt, tlie capacitance at room 
temix'rature may have a dilTerent value 
after tlx* capacitor has lM*en hot than it 
has after lM‘ing cold, as shown in Fig¬ 
ure 2. In this example, the capacitor 
may start at the capacitance, Cmi. at 
room temfx*rature, Tr, increase* to tlu^ 
caixicitance, C//, when heated, and re- 
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CAP«C»T*.*CC 



Figur* 2. Capocitanc* vs tBmperotur* diagram show* 
ing hyslerosis. 


turn to Cun Nvheii ccMiU'd room t<*m- 
|)«Maluri‘. This cycle can he retraced as 
hmjy as the capacitor d(M*s not ^o much 
Iwlow room temperature. I lowever, wlaui 
the capacitor is cooled to the low tem- 
|x»niture, Tiu and retnriu'd t(» room 
tf'miMTaturc. the eapacitance at nM)m 
tem|)eraturc‘ has a new value. Cnr, hover 
^ than the initial Cru. ARain. the cold 
cycle c*an Ik* retraced from ('nr to Cr if 
the capacitor d<M’s not j^o far ahove 
room temperature. \V'h(‘n tin* capacitor 
at ('ut' is healed to Tu and then cooled 
to room temperature, the capacitance 
may return to the initial vahu*, (’«//• 
rncertainties of the orthT o f 20 ppm 
c an iMMMir in caiKieitors that have .sind i 
hysten’sLs unlessI) large temp<*niture 
variations can Ik* avoided; (2) corn*c- 
ti<»ns 1*^1 Ik* made from a known chara<*- 
teristic curve; or (.S) jhe c apacitor can Ik * 
run thr ough a hot cycle liefure each caii- 
rTra tion to put it at. a known point in the 
cycle, such i\^ Cft n. Th e source* of such 
'livstW^ls irT friction in the mechanical 


structure, which restricts the motion 
resulting from the thermal stn’sse.**. In 
most mechanical structures the hystere¬ 
sis cyc-le is not .so simple or so ret race- 
able as assumed in this example. 

Voltage and Frequency 

Additional sources of capacitance 
change are variations in voltage and in 
fn‘C|uency. ('hanges of capai itance no 
greater than a few ppm can Ik* exp<*cted 
in standartl air <apa< itors with voltages 
in the usual measuix*ment range below, 
.siiy, MM) volts. In silv(»red-m ica capaci¬ 
tors, such as the 'rvei*; 141M), changes 
from MiTn l^MIpinn nuiy occur for volt¬ 
age changes from I to KM) volj s. Such 
changes usually result from .snndl iso¬ 
lated .sections of the silver lilm that con- 
lUK'l to the midti ImkIv of lilm and add ca¬ 
pacitance as the applied voltage in- 
crea.ses. The magnitude of the change 
vari(*s widely from i-apacitor to capaci¬ 
tor. depending upon the c|uality of the 
silver film. When foil eh*ctrodes are usi'd 
instead of silv(‘red mic-a, the changes 
with voltage decreas<* to the order of a 
few ppm. 

In both air and mica capacitors the 
rate of change of capacitance with fre- 
(|ueticy Is generally sm;dl enough to 
n*quire no unusual fre<|uency stability 
to keep the capacitance uncertainty 
small. Only when the frequency of 
measurement iipproa<'li(‘s the resonance 
freijuency of the capacitor does ac<Mtracy 
of frequency lK‘come important, so that 
standard frecpiencies are recpiired. 


NBS Calibration of Type 1404 Capacitors 

A raport of calibration of Iho diroet copocitonco of tho»o copocitors con bo obtainod from tho 
Notional Buroou of Standards. Aftor July 1. 1963, tho accuracy of Iho roport l« ' 20 ppm- Tho foo 
(Itom 201.105a in Test Fee Schedule) Is $35.00. For further informotion pleose write: Mr. Chester 
Peterson. Chief, Resistance and Reactance Section. Electricity Division, NBS, Woshington 25, D.C.; or 
Fronk D. Weaver, AcMng Chief. Low-Frequency Colibration Services. Electronic Calibration Center, 
NBS, Boulder, Colorado. 
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Connections 

The change.^ in caparitani'es prodiiml 
hy tho connect ions to the ca|xicitor can 
also Ijc a source of error. The.s<* connec¬ 
tion errors were (JeKcril)e(i in some detail 
in the Kcpfrinicntrr a few years ago.* 
in capacitors with unshielded plug-and- 
jack coniUM'tors. a portion of the cali- 
hrated c-apacitaiice is assoi'iuted with 
the terminals of Isith the capacitor and 
th(* bridge on which it is m(*asured. 
Small changes in the gt‘omelry or in the 
environment of these* terminals may pro¬ 
duce capacitance chang(*s as large as 
0.1 pf. To eliminate unwrtainties of this 
onler, which are important in accurate 
calibrations of 1000 pf or less, the termi¬ 
nal geometry can. with care, lx* defined 
and controlled to the re(|uirc»d pn»clsion. 
Or, more easily in mtjst rase.s, the termi¬ 
nal ca|)acilances and their uncertainties 
can Ik* eliminaied by the use of threc- 
termiiud rapaeitors and tliree-terminal 
measurements. 

A NEW REFERENCE STANDARD 

A new capacitor luis l)een designed to 
obtain a standard in which capacitance 
changes remain snudl compared t(j 20 
ppm without the use of unusual <‘are in 
handling, in environmental control, or 
in m<‘asurement. This is I la* new Typk 
I lot Heference Standard (apacitor, a 
threc*-terminal. sealed, dry-nil rogen-di- 
electric capacitor with dii-ect capaci¬ 
tance of KMH) pf or 100 pf. Stability in 
this capacitor has lK*en r>blained not by 
unusual de.wign lait by the usi* of a 
simple, solid, hona»gi‘neousslructurf* of a 
single, low-tem|K*mture-<*(H*fficient nui- 
terijd s(*aled in an invariant atmosphere. 

Construction 

The cai>acitor, as shown in Figure 1, 
is made up of a stack of round Invar 


plates, mounli'd on six Invar posts and 
s|wced from one another l)y Invar spac¬ 
ers, The posts are mounted on a K-inch- 
thick Invar bu.*<(*plate. and in.sulated 
from it by cenimic spacers. This almost 
complete use of Invar results in a capaci¬ 
tor wlios<.‘ tem|H*rature c(H‘tficient of 
capacitance clo.«<*ly approxinnitcs that 
of the Invar, alwait 4-2 ppm ®C\ 

The u.se of a single, Iow-l('m}x*rature- 
coefficient m(‘tal makes the coeffici(‘ni 
of the capaciliM* more reproducil)Ie and 
eliminates the dilTerentiiil drift that can 
(M*cur when the (*a|)acitor us<*s two metals 
of higher l)ut mutually com|)easating 
c(K*fficients. 

The capacitor is mounli'd inside a 
hermeticjilly seaUal hea\y brass enchi- 
sunt. .Ml electrical connections are made 
through glass-tiHmetal .s<*als. lk*fore the 
exhaust tuln* is s<*aled, the encl(>sure is 
evacuated to remove wal(‘r vapor and ^ 
is filled with dry nitrogen at atmosphera* 
pn*.ssure. 'Fins |K‘rmanent. |K)silive seal- 

ij. F. Ilmli, “.\ CluM* l.«i<*k Hi C'ohlircituii Frrurs m 
C’nnufituiicr Hatttn Kxptrimfutrr, 

33,7. July, 1959. 



Figur* 3. Ponal vl«w of tho Roforonco Stondord 
Copocitor. 
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Figur* 4. Vi«w of copocitor with cobinot romovod, 
thowing tho toolod contoinor and tho threo-torminol 
trimmor. 

ing ill nil iiiviiruiiil almosplKTc makas 
hdtli t'afiai'ilanrc and dissipation t’ai'tor 
virtually ind(*|K‘iid(‘nt of iMiviroiirnoiital 
<‘luiiif(osiii pn'ssun*. alt it lido, or humidity. 

Thr s(*alod caivacitor is rnoiiiittMl on a 
solid aluminum vast ing. whivli isfusltmt^l 
to thr front panel of th(* vahintU, as 
shown in rigurr 4. Wrhs in the fasting 
provide shielding hetwiM'n thi* iwti l(‘ads 
from lh(‘ eapaeitor, wliieh are eonneett'd 
to two reeessetl lot'king 1'yi»k S7 I ('o- 
uxial (\)nm*flors on tlie pane*!, 'fhe lt*ft 
or It fonneetor Is fomplet(‘ly insulated 
from the panel to eliminate ground-loop 
troubles when long h‘ads are used anil to 
faeilitate the uw* of the eapaeitor as a 
dissipation-faetor standard. The panel 
eonneetttrs ean In* eonvert(»d to most 
oth<*r (‘ommon typi*s of coaxial eonnee- 
tors hy the use of the appropriate 
Tyi'K 874 Adaptor, and the locking 
version of the adaptor ean he used to 
make the eoniie<*tion semi|K'rmanent. 

Also mounted in the weh is a tlm'e- 
terminal trimmiT <‘ai>aeitor usetl to ad¬ 
just ea|>aeitan(*e over very small ningf^. 
The eapaeitanee of t his t rimmer is such a 
small part tif the total, alnnit 0.1)1%, that 
itselTeet on over-all stability is negligible. 


Stabilization and Test 

After as.sembly and sealing, each ca¬ 
pacitor is subjected to a numl)i*r of hot 
and cold cycles of l(‘m|T<Tature to stabil¬ 
ize the structure and to determine the* 
temixTature coeHicient and the magni¬ 
tude of tJie hysteresis. The ea|xieitor is 
heated to approximately Oo C’ or lot) I 
(7’// in l igure 2), ihiai eiailed to a room 
temperature. Tr, of 23 (' or 73 1' and 
measunni to deOTinine the (‘apaeitaiiei* 
Cru after a hot cycle. Similarly, it is 
ccMiled to a tem|XTature, 7’r. of —ISC 
or 0 1', then measuriHl at rofim temtxaa- 
ture to determiia* the eapaeitanee, Cut', 
after a cold cycle, 'flu* hot cycle is then 
r(‘tx*ated to return the (‘apaeitor to tiie 
eapaeitanee Cru and to determine the 
retraecability of the cycle, d'he limi^ 
foi^accentai>nitv are that the cvclc 

tracts within4^3n| ^ aiidjdia^the 

ca pacitance cdmnge at 

tiire . A(V, does n ot exeiMnl 20 pp m foil 

iriese hot_aiui cold cycles. T he eanaei- 

tance chaiigi’ from hysteresis is typically 
le-ss than 10 ppm. The change in capaci¬ 
tance at room temperature, AC/? = 
Cru — ('rc, is the measure of hyster¬ 
esis. 

The temiMTatun* <*<H‘Hicienl is del«»r- 
mined from measurementsof capacitaiict^ 
made during this cycling while the ca¬ 
pacitor is at a known tem|KTaturf' alxive 
or lielow room lem|)eralure. The coefti- 
cient is, typically, constant (vithin ± I 
ppm over the tem|)erature range of 
the.se cycles. The ai'ceptable range of 
temperature coefficient is from 4-0 to 
4-4 ppm ®(\ The typical coefficient is 
4-2 ± 0.rippm ^°C\, 

The tem|x»raturt' cycling is also a test 
for leaks in the hermetic seals. When 
leaks are pre.s(Mit, the* cycles do not re¬ 
trace and the c*apiu*itance changes with 
time. 
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Adjustment and Calibration 

VIhT a capacilor lia?^ pass('d ila* k'sts 
lor sialaliiy, ifnifH'ratiin* (VK'rticicnl, 
and hysteresis, the eapaeitaiiee is ad- 
jnstc*d !)>• means nt* th(* trimmer to make 
t.la* m(‘asnr<*(l ea|)neiianee very elose to 
the nominal valtie of 1000 t>r 100 pf. 
The rM’K 1101 eapaeilor. imlike most 
pivN ions standard eapaeilors. ean l)e 
a<ljiisied easily with an aeenmey almost 
eipial to the |m*cision of measurement, 
which is lM‘tier than r I ppm. The meas¬ 
urement is miid(* by e(»mi)arison on a 
rvi'K Kil.VA ( apaeitanee Iirid>!;e with 
one of a urotip of Tyio: 1401 working 
standards that have In^en ealibnitcHl 
from a grottp of similar reference stand- 
anls )M’ri<Hrteally measured by the* Na- 
tirnial Ihireau <»f Standards. 'I'Ih' aeeti- 
raey of the* XUS ealibratioii of tla*s<* 
rr'ference standards is r-0 ppm. 

Ivn h eapaeileir is adjnst(*<l tit ti riM»m 
tem|M*raturc of 23 ± 1 (* ami a frt*- 
mieney (»f 1000 ± 10 e|>s to ti <*jipaei- 
taiiee o ppm above the nominal vtiltie 
with n‘S|X'et to the (ienend Hadio n*fer- 
enee standards. The adjtistment to a 
value alM)ve nominal (e.g. 1000. OOo pf) 
is made lK*<*aus<* the standard is ti little 
rm^re convenient fe»r use in bridge* e*ali- 
iuTitiein whe'ii ii is slightly gre*ate*r in- 
.steael e»f h*ss than nominal (e*.g. 000.903 
pf). .\ilhe)Ug)i the pn*eisie>n e»f aeljust- 
menl exe*c*eds 1 ppm, the iine’ertainties 
of reteun temiK'rature a ml e a|)ae itor 
tempi'rature eeM'f!ie*iont aeld te» the* ad¬ 
just me*nl error, .set that the adjtislme*nt 
are*uraey at the stated tempe*ralure* is 
jippre)ximate*ly +o ppm. 

rhe final aeijiLstment of e’npae*itane*e 
at rentm le*m|)e*ralure is always mtide 
after the e*a|xie*ite»r has la.sl Ikm'ii tlireiugh 
a he)l eyele to fio C, sei that the e*apjie*itor 
is at the tK)sitie)n similar to Crh in the 
eye*|e* e»f I’igure 2. 


Stability 

After adjustment ami e'alibratiem. the 
value e>f the* e*apae'ite)r as a staiidarel ele*- 
|)(*mls primarily upe>n its stability. 

The Tyi'H 1101 e*apae-ite)rs show' v(‘rv 
small e‘hang(‘s with orientation. In typi- 
e*al units the ediange* is less than o ppm 
when the e*apaeite)r is turne*el in alj (Uree- 
tie ms. aiul any e*hange* is reve*i*sil»le. 'I'lie* 
ae e*eptal»le limit e»f change* with eirienta- 
tion 1*^ 10 ppm. 

rhe* e*apaeite>rs are n‘lalively fren* 
fremi miere»phe>nie*s; the*re*fejre. the*she>ri- 
te*rm stability is ele*te*rmim*el mainly by 
ehange‘.s in tempe*ralure pre>due*eei by 
enviremmental tem|)e*rat ure change's. 
With the lemp(‘ralure ee)effieient e>f 
4- 2 ppm °C\ a high elegre*<* e»f stability 
can be e)btaine*d with emly moderate* 
t(*m|>erature e*ontre»l. Whe*n highe*r sta¬ 
bility is re*e|uireel, tlie* <‘apae‘ite)r e*an Ik* 
opt‘raied in an air eir e»il bath with e*le>.s<* 
tem|K*rature e*emlreil. sine*e the efT(*ets e»f 
(*emne(*ting e*abies e*an Ik* maele* iK*gligible 
w’itli lhre*e*-te*rminal e*emm*e*tiems and 
me'asttreme'uts. When an eal bath is u.se*el. 
the* pane*! with <*e)nne*e*le>rs and trimmer 
e*an be kept abe>ve the* oil by the adelitie>ii 
e>f lemger spae*e*rs and shieldeel leads Ih*- 
twe*(*n panel ami e*apae'iie>r; einly_the* 
se*ale*d e*emtain e*r e»f the* e*apaeitor is im- 
mers<*d . The meHlifie'atiem e*an Ik* maele* 
wuthemt e'hange* in the calibrated e*a- 
paeitanee. 

Any refe*re‘ne*e slamlarel e*apae*ite)r 
we*ars aleing with that title* an implicit 
“llanelle w ith ('are*** s ign. C’areful haii- 
eliltig of the Typic 1101 eapaeitors is 
always a wise pre*<*atitie)n. but it is ne)t 
always a nee*(*s.sity lK*e*aus(* the structure 
Is ne>t delie*ate. Sample* e*apaeite)rs have 
l>e<*n put thre>ugh impae't shes'k test.** 
e>f fremi 30 te» 30 g with I l-millisee*e>nel 
duratiems, and the re*sulting e*apae*itane e* 
change's have neit oxe*e*cde*el 30 ppm ami 
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Imvp, in some only a frw 

ppm. The eapa(*itor« have al.'«» witli- 
o(|ually well those immeasnrahle. 
aial apparently nnavoicJahle. shoek tests 
wlh<*h tieeiir in norrmil sltipment. 

Prot(H tion frum both ineehanieul and 
tIuM’mal sh(M‘k is provided hy the ship- 
])inK t^itain^ <»f exptitidahle txdysty- 
I rcaa* . iTie (‘apaeitor ran he kept in this 
I attraetive plastie east*, not only for stt»r- 
! ajce and reshipinent hnt also for redue- 
■ ti oii of thermal transients during lahora- 

tory m easu r(*ments. 'I'he thermal time 
eonstant ft>r elauiges in amhienl temj)er- 
ainre is increa.setl from alxatt I hour to 
2.0 hours wh(*n the metiU j^thinet is 
eovered hy the plastie easc.iuid enldes 
are tainnetTcHT through holes jii the ease. 

'I'he long-term stuhility (the eafiaei- 
tanet* ehange with time) of a well-etKl- 
tlled eapaeitor is as important as it is 
inirtieularly diffieiilt to measure when 
the ehanges may Ik* no mort* than a few 
ppm. .Many months or years and many 
capacitors <»f the high(*st stability are 
re(|uired for stability measurc*ment. and 
neither has been available in adt’ijuate 
(juantity for this new <*apaeitor. I*res(‘nt 
estimates of long-term drift must Ik* 
based upon the intereomparison of a 
few capacitors for the pericKl of a year 
or less and U|S)n a few calibrations by 
NBS, but th(* available data indicate a 
dryft rate w(‘ll within 20 ppm tM*r year. 
Data of more signifi<*ance are now lH*ing 
accumulated by \BS and by tiu* many 
standards laboratories which are alr<*ady 
using the Tvet: H04 capacitors and 
sending them jK*ruxlically to XBS for 
calibration. 

High-Frequency Performance 

.Vlthough intended primarily for low- 
free |uency applications, the Tvph 1404 
cat)a<*itors can Ik* uschI at higher fre¬ 
quencies if certain <*onsiderations are 


Figure 5. Equivalent cir¬ 
cuit of Type 1404 
Capocitors. 

Co» 1000 pf for 
Type 1404. A 
Co » 100 pf for 
Type 1404.B 


k(‘pt in mind. The direct or three- 
terminal capacitance at the terminals of 
the capacitor incn»as<‘s with fre(|uency, 
primarily as tin* result of t he rc stmanec 
(in the e(|uivaU‘nt circuit of I’igure o) 
lH‘twcen till* sr*ries internal lead induct¬ 
ances. /., and the capacitance. T/,. 
shunted by the gntund capacitances, T// 
and in series, 'riu* elTective capaci¬ 
tance is r ^ (\.(\ where C.. is 

the h»w-lrequency t apacitance and f.. is 
the re.sonance frequency, 'fhe resonance 
fret|uenci(‘s an* appntximatelv BKMc fo r 
the l ()(H)-pf Typh 1401-A and 47 .Me for 
the ltK)-pf Tvpk I IOI-B. anil the corre- 
s))onding measuring frequencies,/, for a 
capa<*itance increa.se of .V) pt)m arc 
113 jv c an d 332 kc. 

When leads are connected to the 
capa<*ilor, however, the series iiuhictance 
and shunt capacitance of the leads will 
cjvuse a capacitaiu'e incr(‘ 2 ise similar to 
and probably larger than that produced 
by the internal n*siduals. ( orrection can 
Ik* made for the (‘ITects of internal and 
external re.sidual impedances, but high 
accuracy is difficult t(» (»btain with in- 
crea.Miig fre(|uency. (Jupu<*in) rs th at can 
Ik* ccmnected to tin* bridge terminals 
without lc*ad^iren*c(>mmen<l(*(l assttind- 
ards for fr<*qu(mci(*s ajM>ve, .s:iv. 10 kc . 
Dissipation Factor and D Standard 

The lo.s.s<*s in tin* Typi: 1104 capaci¬ 
tors are extn*mely low lK*cau.^ the only 
effective dielectric in tlu* calibnited di¬ 
rect capacitance is dry nitrogen. All th<* 
cenimic insulation afT«K*ts only the cii- 
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pariiain’O.s to Kroiind, w hicli an* (\\rhulf<l 
in a thn*(^torminal mcasiironinit. Tlio 
loss is low (Miotigli to l>e rompMn»l)U* to 
lilt* III icortaililies in the ealihration of 
most available slamlanls of ilissipalion 
factor, 'riie lies! estimale at pres(*nt is 
that lla* ilissipalion factor at l(M)() cps 
can be mainlained l iolow 10 ppm and is 
ly|)ieally le.ss than that. 

Uecaii.**!* the dU<ipation factor is very 
low anti constant in this st*aled capacitor, 
tiu* capacitor can also lx* list'd as a 
standard of dis.M()ation factor, for exam¬ 
ple, ill britl|<e caiibnilion. 'Fhe desired 
ma|i;nitlull* of I) can be oblaintal by the 
addition of loss in the form of a culi- 
braleil lixed or dei'ade resistor in series 
or in parallel with the capacitor.* 

Uses 

'Phe primary use* of Typk 1 ItH capaci¬ 
tors is as reference or working capaci- 

I • l>ftuiln| iiro-rMlur** lur lhi» usr uf the Ttrt I4C4 
lor^ be fuuiid in tbr ln «irti^^ifM« ftir-tlm 

Tvi’i: Itilft'A C'oi*iiritflnr»* RrHlire. 


tance standards of ila* highest order for 
the calibration of other capaciloi> and 
bridges. The high stability should |K*r- 
mit the aeciiraey of NHS calibrations to 
be transfcrretl to olh<*r laboratories with 
uncertainties less than ±20 ppm. 

For many calibrations, such as that 
of the Tvpk llilo-A C’a|>acitanee Bridge, 
cither the 1000-|)f Typk 1404-A or the 
KKbpf Typk I lOI-B capacitor can In* 
u.<<*d with 1*11^11 accuracy. There L< no 
.significant dilTen-ncc in c|uality In'twecn 
the two mixlcls. but the ditTerence in 
capacitance is useful for somi* s|x*cial 
purpos<*s, such as the (*.\l(*nsion of the 
precision of the Typk lOl.VA bridge. 

— .John l*\ IIkrsii 


CREDITS 

The design uiul develoninciit of the Type 
1404 l^eferencc Staiuhinl ( apsicitor \v:w carrietl 
out by Hr. Hersh, with ineohniiiejil rJpsijni sup¬ 
port froiu G. A. Clemow, I )(*siKu ICiiRineer. 

— Kditor 


SPECIFICATIONS 


Calibration: \ crrtihcHte of mlihratioii i.i 
•otp|>lif*il witi) Piich capacitor KivitiR the lllen^- 
iired (lima parallel c4ipHcitunce at I kc and at 
*2.4 t 1 < ’. Ttie nu'a'.uriHl value is ot>tuine<| t>y 
a l•«llnf>arisoll to a prccisam tw*tter than ± I 
ppni with workinic staiulartU who.se ahnilute 
Valin's arc known to an aceimicy of ^20 ppm, 
detenniiu**! and maintained in tenns of refer- 
f*n<*e staiidanls |*eriiHlic:dly niea.surfH| by the 
National Hiireaii of Standanl.s. 

Adiwfttmonl Accurocy: Ttie cafiiicitaner is ad- 
Ju.sUhI liefoiv culit)mtion with an accuracy of 
±.5 PI»in to a capacitance alniut .*> ppm at)ove 
tlie nominal value relative to the capacitance 
unit muintain(*4l l)y the General Uadio reference 
stamlards. 

Stability: I.onxderm drift i.s lc.s.x than 20 parts 
|H>r million |M*r year. Maximum clinntce with 
orientation tO ppm, and is completely revers- 
dile. 

Tamparatwra Ce«ffici«nt of Capacitanc*: 

2 ±2 pi>in''^(* from —20(’ to 
.\ mra'*ureil value with an accuniey «»f 
t I ppm is iciveii on the eeiiifieate. 


Temperature Cycling: Pur lemjMaalurc cycling 
over range from —‘ 20 C’ to ±l>r> (\ hy.steri'^is 
(retmceiil)le) is le^is tlian 20 ppm at 23 (\ 
Dissipation Factor: I .Css than 10 “'at 1 kc. 
Residual Impedances: CHplivaletlt circuit 

Figure o) for tvpieal valui*> of internal .<erie> 
imluctanees and termitial eapaeitnneo>. 
Maximum Voltoge: TuO volt^. 

Terminals: Two coaxial, l(»eking Type S 74 ; easily 
eonvertitde to utlier tyiies of ronnectr»rs hy 
attachment of hieking adaptors. Outer '-hell of 
one connectiir is iingnaindeil to fiermit eaitaei- 
tor to t>e us«l with external resi.*<tor as a dissi- 
|)ution-factor stamhml. 

Accessories Supplied: Two TyI'E 874 -C'.')S.\ 
Cubic C’onncctors. 

Cobinet: .S(‘ale<l inner container mounted in 
outer lat>-l>eneli ahiminiim ca.se. P.asily adapt- 
alde to oil immersion of inner s<»ale<l container. 
Dimensions: Width height deptli 

S inches ( 17 .> l»y 170 l»y * 20.5 mm), over-all, 
including handle. 

Net Weight: S' 2 |)OUnds (3.9 kg). 

Shipping Weight: 12 |)OUnds [it.h kg). 


Tifpr 


('otlr \ II mftrr 


U04-A 

1404-B 


Reference Standord Capacitor 
Reference Standord Capocitor 


1404-9701 

1404-9702 


$225.00 

225.00 


I . ?<. I*ei«’iil No. 2,.V4H,4.'»7. 
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THE NEW LOOK IN HIGH-FREQUENCY 
OSCILLATORS 


Tim General Radio hiKh-frc(iuency 
oscillators have found widespread use 
as simple signal sources. They cover a 
very wide frequency range* and, with 
acce.ssory e(|uipment, which includes 
modulators. me<*hanical sweeps, attenu¬ 
ators, coaxial fittings, and a variety of 
power supplies, they can Im assembled 
into more sophisticated systenLs to mw\ 
s|)ecific needs. Some of these possibilities 
are indicated in Figure 2. 

To enhance further the adaptability 
and convenience of these* oscillators, a 
redesign of imnel arrangements has Ihh'O 
carried out. The “new l(H)k“ provides a 
simple uniform package* which is readily 
attacluHl to any one of an expeiiided line 
of (*om{xinion |K)wer supplies or mounted 
in a standiird relay rack. While the 
ee'onomical I^bracket const ructi«)n tliat 
has imeome a virtual trademark of the.se 

• O. I*. McCoiu'h, “A New I'HF .Siutinl .S>un»e." Ut^nrral 
Rtutio KTjHrimtinter, .35, 3, Murolt, IMU. 

* E. Kanthis. "The Type 121 1-C, An Iniproveil I’nit 
OMilUtor,*' (tCHcrai Radio Experimenter 36, 10, Oetolx^r, 
1062. 



Figure 1. Panel view of the Type 1209-CL Unit 
Otcillotor. 


osc*illators has U'en retained, the panels 
are now 7“ high and 8" wide, the siune 
size as the previously announced Type 
130UA I MF Gscillat(»r (450 to 1050 
Mc)‘ and the 1’vpe 121 I-C Unit Oscil¬ 
lator (0.5 to 50 Me)*. Figure 1 shows 
the Type FiOO-C’L Unit U.scillator. The 
new models with their frequency ranges 
are tabulated on page 12. 



9 



lET LAB$* INC in the GenRad tradition 

www.ietlabs.com 

534 Main Street, Westbury, NY 11590 TEL: (516) 334-5959 • (SOO) 899-8438 • FAX: (516) 334-5988 




































GENERAL RADIO EXPERIMENTER 


lappod holes near ihe four cornel’s of 
the front panel |K‘rmil rigid allachment 
to an associated power supply or, by 
means of low-cost adaptor plates, to a 
relay rack. The oscillators all have 
(i-inch precision dials and are c(iuif)i}ed 
with Tvpk 874 Locking Connectoi-s for 
the RF output. The modulation jack is 
on the front panel. 

Versatile Power Supplies 

An outstanding feature of those oscil¬ 
lators is the provision for use with any 
one of several dilTerent power supplies. 

Power-siij^ply characteristics arc fre- 
(|uently a determining fa(!tor in the per 
formance of an oscillator. I'or such appli¬ 
cations as parametric-amplifier pumps, 
oscillators must lx? stable against all 
power-line variations and free of modu¬ 
lation from power-suppl.v ripple. I’or 
thcsi) extreme re(iuiremcnts, both plate 
and heater supplies should Ix! regulated, 
well filtered dc, as in the Type j207 -A 
Regulated Power Sup])ly. 

Where I’clative freedom from line 
transients is reijuired without ultimate 
reduction in long-term drifts and hum 
modulation, rc'gulated plate supply is 
desimble, but unregulated ac may be 
u.st'd for tlu* heater supply. This nei'd is 
met by the Type 1201-13 Lnit Regu¬ 
lated Power Supply. 

For many noncritical applications, 
unregulated dc plate and ac heater su|>- 


plies are entirely ade(inate and repre.sent 
consideral)l(' economy. The Type 12()9-A 
Power Supply is of this type. 

Typi(!al power-output curves for the 
severid oscillators, when operated from 
these power supplies, are shown in the 
specifications. 

Other a|)plications re(tuire power sup¬ 
plies in whicli the plate-supply voltage is 
<*ontrollable to modulate or to regulate 
tlie oscillator output. The Type I2(>4-A 
Modulating Power Supply provides 
10t)% amplitude modulation at high 
level by square waves or pulses as well 
as cw op<‘ration. The Type I2t)3-R Am¬ 
plitude-Regulating Power Supply in¬ 
cludes a feedback loop to maintain con¬ 
stant o.scillat()r output as the oscillator 
fre(|uency is varied. C’onstant output not 
only spcHxls and simplifies measure¬ 
ments where the oscillator is tuned man¬ 
ually, but is es.sential when making 
sweep measuremcMits. The Type I2()3-R 
.\mplitude-R(‘gulaling Power Supply 
has an internal 1-kc oscillator for sijuare- 
wave modulation. 

Tin* Types 1207-A and 12r>0-A power 
suppli(*st are new items, desigru'd specifi- 
(ailly for use with the.se oscillators. 
They have a 7-inch panel height, match¬ 
ing the o.scillators and at tach readily to 
the oscillator for either rack or bench 
use, as shown in I ’igure 3. The necessary 
hardware for attaching oscillator to 

t Soc PUKU 13. 



Rack-mount arrangomants of a Unif Oscillator wllh two types of power supply. Figure 3 (feft) shows the 
Type 1269-A Power Supply; Figure 4 (right) the Typo 1263-B Amplitude-Regutoling Power Supply. For bench 
mount, fhe rack-odapfor plates, shown al the ends of the assemblies, are not used. 
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power supply is furnished with the power 
supply. Kack adaptor panels are hsted 
on pag<? 13. 

Figure 4 shows how the Types 1203-13 
and 1204-A power supplies attach to the 
oscillator for rack mount. The older 
Unit power supplies, Types 1203-13 and 
1201-13, are still available and connect 
to the oscillator through a plug-in cable, 
ns shown in Figure 5. 

— G. P. MeCoi'Cii 



Figure 5. Oscillator with older type of Unit Power 
Supply, Type 1201 >6. 


SPECIFICATIONS 


Frequency Control: Type 908 Cwir-Drive Prc- 
cisiuii Dials are used on all models. Vernier 
drive ratio is 15:1. 

Output Power: Output power is .shown in tabu- 
late<l .specifications. With the Type 1203-H 
Amplituilc-He*iailnting Pmver Supply, the maxi¬ 
mum useful power output is 20 milliwatts. The 
available iM>wer is adequate for practically all 
laboratory mea*<uremcnls with t»ridges, sh)ttcHl 
lines, admittance and transfer-function meter.*^, 
tuned circuits, etc. 

Output System: A short coaxial line brings the 
output from an udja‘ital)le coupling loop to a 
locking Type 874 Coaxial ( onnector. The out- 
)Ut connector is l<icutcd at the rear of the oscil- 
ator. Maximum jKiwcr can be delivered to 
load imitedances tiormally encountered in co¬ 
axial .sy.stem.s. Arlaptors are available to convert 
the Type 874 Connector to any other common 
type. These adaptors lock .securely in place, yet 
are easily remove<l. 

Power Supply: The external fiower supply sliould 
he chosen fn>m the group listeti in the Summanj 
of OsHllntor Pou'cr^Suppli/ (Uuirnclenslic^ on 
page 13. Opemtion from 4(K)-cyc.le lines is per- 
mi.‘vsihle with many of th(s?e iKJwer supplies. 

Modulotion: Am]>litude modulation over the 
audio range can he obtained by superimposing 
a modulating voltage on the plate sujjply. A 
jack is provitled on all Oil osoillatoi-s for this 
purprjse. The audio source mu.'^t he caimhle of 
carrying the dc plate current of the o.scillator. 
The inexp«ai.sive Type 1214 fixcHl-frecjuency 
oscillatc)rs arc re<*ommendcfl a.'^ modulators, 
ami are m<uully used in conjunction with the 
Type r209-.\, 1201-13, or 12f>7-.\ power supplies. 
For 30% a-m, incidcMitnl fm in tins sj'.stem is of 
the order of 0.01% at the lower part of the 
tuning range, an«l increases to about 0.05% 
at the high-frequency end. Apfimximateiy 
40 volts acros.s SOOO ohms i.s adequate to pro¬ 
duce 30% modulation. 


S<iuare-wave or pulse mo<hilntion can he 
obtainwl on all osriIlutor.s, excef)t the Type 
120S-C', by use of the Type r2t»4-A Mmiulating 
Ftiwer Su]>ply.* All oscilIatt*rs, except the 
Type 1208-C, can be square-wave nuxlulatod at 
I kc by the Type 1203-13 Amplitude-Hcgulat- 
ing Power Supply.* 

For video modulation up to 30% with 5-Me 
bandwidth, the Type lOOO-PO C’rystal-Diode 
Modulator* can he listed at carrier frcqucjicies 
from 20 to ItKKJ Me. No tuning u<ljustments 
are required. This low-level absorption modula¬ 
tor introduces negligible iiuMdenUd fm, but 
the output capaliility i.s limited to uppro.xi- 
mately 10 millivolt. h, peak, into 50 ohms. 

Sweep Application: NIechanical swef^p at .speeds 
suitable for oscilloscopic display ean be ob- 
tainetl by use of the Type 175I>-.\ Sweep Drive.* 
The Type 120S-C is m*t recommendc<l for 
this service because of the sliding contacts in 
it> tuiKMl circuit. 

Slower mechanical sweep for aso with xy 
recorders is ixjssiblc with the Type 908-R96 
Dial Drive.* 

The Type 12tW3-I3 Arnplitude-Kegulating 
P«)wer Supply is retvunmendcd to hold the 
oscillator output constant ms the frequency is 
varietl, iJurticularly when mechanical sw€*ep is 
employed. It can be use<I witli all these o.«;cilla- 
tors excejit the Type I208-(\ 

Mounting: 

Bench Use — Any of the 'oscillators c.an be 
used <in the bench with any of the recommended 
power supplies; interconnecting cables are 
siipplietl. All oscillators and all ptiwer supplies, 
except the Types 1201-13 and 1203-13, arc 7" 
high and can he attached t^i each other witli the 
hardware supplied to form a rigid axsembly. 

Relay-Rock Use Any oscillator can he relav- 
rack mounteil ttigether with a Type 1203-13, 
1204-A, 1207-.\, or 1209-A power su|>ply in a 
space 7" high. When the Type 1201-13 Power 
Supply is u.sch1, separate rack-adaptxir panels 
arejiece^ary. 

*(’4Ui8ult Tlio lati’st CeriornI UA(iior.itAloR for details. 


(Continued on page 12) 
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- SI 

Tijjir 

JMMARY OF OSCI 

A pphentiomt 

LLATOR POWER-SUPP 

DC Plate Strpplj/ 

LY CHARACTERISTIi 

I! enter Sup pip 

cs — 

Panel 

Wiilih 

1267-A' 

Ultimote stability for cw 

300 v^t 70 mo, regulated 

6.3 V dc (a 1 amp, reg 

4" 

1201-B' 

Relative freedom from 
line transients 

300 70 mo, regulated 

6.3 V oc 4 amp 

* 

1269-A' 

1203-B' 

Maximum output and 
minimum cost 

380 v open circuit; 300 v (ft 
SO mo 

6.3 V oc 3 amp 

A*' 

* 

1264-A‘-**5 

100% squore wove 
and pulse o-m 

200—300 V Qi 50 mo, reg. 

6.3 V oc (o 2.1 amp 

8" 

1263-B* 

Amplitude-regulated cw 
or 1 -kc square-wove 
output 

0-300 V Qi 30 mo 

6.3 V dc (a 0.5 amp 

8'' 

1216-A' 

Hetrodyne detector 

300 V (n 30 mo 

6.3 V oc (o t amp 

* 


•Unit liiHiniiiiiMit C'nbiiu't. 

'May be o|Mfrat«Hi from 4 *X>-cycle supply. ’Not for u»e with Tver. 120 S-C Unit t ^arillntor. 

*He<|uirr» atlaptur cable when uimmI with Typks 1215-C, 1209-CI., atnl 12bU-(* Unit rtjwillalors (see latest CJenerul Ktniio 
catalog). 


Accessories for Relay*Rack Mount 

The panol (extensions listed l>f‘low ciin 
1)0 n'adily attaeh(Hi to any of the 7''-high 
oscillators, power suppli(‘S, or oscillator- 
|)owcr supply assemblies to permit 
mounting in a standard 10'' relay rack. 

Adaptor Plate Set 
Type 480-P408 used 
to rock-mount o single 
8"-wide power sup- 
pty (Type 1263-B or 
1264-A) or oscillator. 


si 


-•<4 U-.f- 


osacLATon 


- B •- 2 


Adaptor Plate Set 
Type 480-P412 used 
to rack-mount on os- 
sembiy of o 4"-wide 
power supply (Type 
1267-A or 1269-A) 
and oscillator. 


Adaptor Plate Set 
Typo 480-P416 used 
to rock-mount on as¬ 
sembly of on 8"-wide 
power supply (Type 
1263-B or 1264-A) 
ond oscillator. 


Tifpf 


(‘wie XuinUer 

l*rict 

480-P408 

Adaptor Plate Set, for one 8"-wide instrument 
(7'^ high) .... 

0480-9648 

$ 8.00 

480-P412 

Adaptor Plate Set, for assembly of one 8"- and one 
4''-wide instrument (7" high). 

0480-9642 

7.00 

480-P416 

Adaptor Plate Set, for assembly of two 8"-wide in¬ 
struments (7" high)... 

0480-9646 

6.00 

480-P4U1 

Relay-Rack Adaptor Panel, for Type 1 201 -B or Type 

1 203-B Power Supply only (7'^ high).. 

0480-9984 

11.00 


i 


THE NEW POWER SUPPLIES 


To obtain the ultimate |K*rformance 
from our line of Tnit O.scillators, the 
Type 12()7-A Regulated Rower Supply 
provides bot h n'gulated plate and heater 
voltages. Ib^gnlation is such that elTi^cts 
of line voltage on the oscillator tM‘r- 
^ formance are e.sscuilially eliminated. .\s a 
n'sult. the n'.sidual fm of the oscillators 


is approximat(*ly the same a.s that ob¬ 
tained with battery opt'ration. 

.\ vacuum-1 id)e series regulator is 
used for th(' 3()0-volt, 7()-ma, dc output 
and a transistor ivgulator for the (i.3- 
volt, I-a, dc output. The vaeuum-tulK* 
n'gulator shown in I 'igiire 2 uses a differ¬ 
ential-input amplifier to compare the 
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ouH>ul vohaj'r aii^iiiis! a vollagr-rclVr- 
iMK'f IuIh*, a easel mIo ain|)li(i(*r for gain, a 
ealluKle follower for maximum l)atui- 
width, ami a series power tulx* for I'on- 
irol. This <*omhination results in an 
SOkII) nxiuelion of ripple voltage and a 
low oil! pul impcxlaiiee over a wide fre- 
(jueney range. 

The reguhitor I'ireuit for the t»..S-volt 
de output utilizes three* high-gain tran¬ 
sistor stages to |)rovide a similar 8()-<ll) 
n*<luetion of ripple voltage and input 
transients. (.’urn*nt limiting at one am- 
ix*re and reduet ion of tin* small tem|)era- 
ture elTeets of the transistor and Zener 
ref(*ren<*e diode are added bonuses for 
those who would like* to use these* 
ve*rsatile supplies for other pur- 



Figur* 1. Vi*w of (l•fOTyp« 1267-A Regulatod Power 
Supply ond (right) Typo 1269>A Power Supply. 

|X)ses than o|M*niting I’nit Oseillators. 

The Tvei-: IV»wer Supply is a 

simple unr(*gulate*el supply aele'cpiate for 
many us(*s of the* I nit Oseillators. It is 
similar in elee'trieal eharae*teristie‘s to the* 
Tyi*k 12()3-B Unit Powe*r Supply. 

— M. C. Iloi/rji: 




SPECIFICATIONS 


Ttjpr 

1203-B 

1269 A 

1201-B 

1267.A 

Input 

Veils 

ior» to i2o* 

105 to 125 <11 
210 to 2.50 

10.5 tti 12.5* 

105 to 125* 

Watts l•’lllI I^^atl 

r»() 

.50 

IH) 

00 

I.ine FreH|ueiirv (rp?*) 

.50 to 00; eari also l>e operai 
no to i; 

lt*tl fnuii 400>eveto supply of 
25 volts** 

Output (.\t 11.^ (ir *28n-Vf»lt input) 

1 K' volts 

.’too (ti .50 ma 

.300 

ma fmax) 

.50 

70 

regulation 

No loatl vtiltajie alwiut 400 

±0.25% 

(eomliiiiCMl line tl’ loaiH 

ripple, rins, at full Itiatl f 120 cpsl 

SO mv 

1 1 

nv 

IH’ volts 


— 

ti.3 

amp fmaxt 

— 

— 

1 

ri*Kuiaii<>ii 



±0.25% 
frombinc**! 
line 4’ load 

riftplc, rnis, at full l<»a<l fI20 eps) 



t mv 

At' volt> 

0.3 

0.3 

— 

amp finax' 

3 

4 

— 

Accottoriot Supplied 

M.'ilinx pltiK for output roimi*rt»»r, ,3-\vire line eonl. 


. 5 x 5*4 xO * 4 ' 


.5x5*4x0*Y 

4*;(x7fhx0>4 

mm 

I:t0xl50xl60 

1 

1 

1.30x1.50x100 

110x105x235 

prmnd.-* 

.5 


0 

7K 

Net Weight 

2.3 

2.7 

2.S 

3.0 

IMMlIltls 

a 

7 

7 

0 

Shipping Weight ^ 

2.S 

3.2 

3.2 

4.1 


• Add to tyi« ntiiiilirr for 210 to 2.'50 volte («<*«» orioe tohle). 

•• Will oiMTetPeriy vhf or iihf urdt oMrillator from 40(t-ryrlp miiiply of lOiS-l'i.*! volte 

14 



lET LABS, INC in the GenRad tradition 

www.ietlabs.com 

534 Main Street, Westbury, NY 11590 TEL: (516) 334-5959 • (800) 899-8438 • FAX: (516) 334-5988 





































AUGUST, 1963 




Figure 2. Elemenlory 
schematic of the Reg* 
ulated Power Supply. 



Tupt 


Coile Nil mi ter 

Price 

1203-B 

Unit Power Supply, 105 to 125 volts.. *. . 

1203*9702 

$ 55.00 

1203-BQ18 

Unit Power Supply, 210 to 250 volts . . . ... 

1203*9818 

60.00 

1201-B 

Unit Regulated Power Supply, 105 to 125 volts .... 

1201*9702 

95.00 

1201-BQ18 

Unit Regulated Power Supply, 210 to 250 volts. . . . 

1201-9818 

105.00 

1269* A 

Power Supply.... 

1269-9701 

70.00 

1267*A 

Regulated Power Supply, 105 to 125 volts. 

1267-9701 

170.00 

1267.AQ18 

Regulated Power Supply, 210 to 250 volts. 

1267*9911 

180.00 


FLASH-DELAY UNIT SIMPLIFIES MOTION 
ANALYSIS IN HIGH-SPEED MACHINES 


I'Vtr many years the' Str()bc»tac® 
electronic strolw.scope has been a valu- 
able too! in the d(‘velopment and mainte¬ 
nance of all kinds of rotating and n'cip- 

•“t'lMiut a ChotorrII \Vht*rf it C’ounl*,'* Crneral ftadio 
Exitrrimrntfr, 36, October, 1062. 


rocating ecpiipment. Two accessories 
greatly expand the usefulness of this 
strol)osco|3<^ in the study of higli-s|xrd 
motion, the new Type 1531-P2 Fla.sh 
Delay and the Type 153G-A Photoelec¬ 
tric PickotT.‘ 





Figure 1. The Flosh Delay and 
Photoelectric Pickoff in combina¬ 
tion with the Strobotac'< eiec- 
tronic stroboscope. The Fiash Oe- 
iay attaches convenientiy to the 
Strobotac. 
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Figure 2. Sketch showing the use 
of reflective tope to produce o 
pulse signal in the Photoelectric 
Pickoff. Pulse is then delayed by 
the Flash Delay to fire the Strobo- 
tac at any desired point in the 
rotational cycle. 




Thf com hi nation of pickotT and flash 
d(‘lay provides a convonicnl means of 
synchronizing the Stk()Bot.\c fla-sh to 
rotating equipment, even when th(‘ 
s|xmh 1 of the e(jnipm(*nt is irr(*gular. The 
Hash can Im' delayed with respi'ct to lh(‘ 
pickotT signal so that the* moving object 
cun lx.* made to appc»ar compk'tely 
stationary at any [Kiint in its rotation 
cycle. 

\Vh(*n a mttving object is ob.s(*rv(‘d 
under .strolMiscopic light with the Hash¬ 
ing rate detta miiu'd by th<* strolM).sco|X'’s 
internal oscillator, slight variations in 
the* s|)(‘ed of rotation will cause the mov¬ 
ing object to apjx'ar to rotate slowly. 
Continual adjustment of the Hashing 
rate is thmi re(|uired to obtain a .station¬ 
ary image at a particular point in the 
cycle. 

If a small pieee of reHective tatx' is 


placed on the rotating object, as shown 
in Figur(‘ 2. it is possibk^ to obtain from 
the photo('le<*tric pickotT a signal which 
is .synchronous with th(‘ rotation, regard- 
l(\s.s of .sp(‘ed. Hy mean.s of tin* Hiish 
di'lay, an adjustable time d**lay can be 
introduced Ix'tween th(* pickoff and the 
str()lK).sco|X‘, so that the .strqlw.scope can 
1 k' made to Ha.sh at any desired |H).sition 
of the rotating object. By continually 
varying thc’ time d(‘lay, the us<‘r can 
obs(*rve the' object at all po.sitions during 
a cy<*le of rotation. Small spe(‘d varia¬ 
tions will not alTect the image. If tlu* 
spiM'd varies widely, th(‘ ndlc'ctive tap(‘ 
can b(* plac<*d just ah(*ad of the desinal 
viewing |X)int so that only a .small time 
delay will 1 h' recpiired. 

The photo<*lectric pickofT d(M's not 
mechanically load th(‘ rotating e(|ui{>- 
ment and can th(*r(*fore lx* us(*d on very- 



Figuro 3. Functional block diagram of tho Flash Dolay. 
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Figure 4. The action of com followers con be easily examined with the Strobotac-Flash Delay combination. 
These photographs show the bounce of a com follower at high speeds. The com is rotating counterclockwise. 


low-powor dovifo.s siicli a.** relays, ino- 
ehaiiieal chopiiers, etc. The piekofT, with 
a time constant of approximately 2(X) 
Mst'c, can lx» lustul with equipment rotat- 
\\\)l at s|X‘e(ls in the hundn'ds of tliou- 
sands of rpm. 

The Typk Io 3I-P2 Kla.^h Delay makes 
|)os.*<il)I(» 8inKle-lla.sh photoj^niphs of ro- 
talinj; e(|uipment at any d<*sin*d ynm- 
tion in its cyck*. The .<ingle flash of the 
Sth<»bot.\c is synehroniztHi lx)th with 
^ the time the camera .shutter is optMi and 
with the desired po.sition of the rotating 
object. 

Description 

'I'he Typk Flash Delay was 

d(‘signed primarily for u.se with the 
Typk lol^ti-.X lMu»t<x‘lectric PickolT.* It 
can Ik* triggered, however, by any trans¬ 
ducer that will gf*iM*rate a |K)sitive elec¬ 
trical pulst* of at least 0.3 volt. The 
block diagram of I’igure 3 .<hows that 
the flash delay consi.sts of a pn*amplifier, 
a Schmitt-circuit pulst* shaper, a lina*- 
d<*lay geiH*rator (consisting of a flip- 
flop, a unijunction transistor and nc 
ia*twork), and an output stagi*. Kach 
trigg(‘r pulse from the Schmitt circuit 
starts a delay cycle. When the vtdtagt* 
acro.ss a cajKicitor in the uc circuit 
reaches approximtitely {) volts (one-half 
^ the 18-volt charging voltage), the uni¬ 
junction tran.sistor fires, discharging the 

’ Ltic. eit, 


capacitor, resetting the d(*lay flip-flop, 
and sending a pul.se to the output 
amplifier. 

There are thnx* delay rang(*s available. 
Range 1 allows an adju.stment ovTr 3()0 
degrees for rotational spe(*ds of (UXX) 



Figure 5. A typical application in the textile field: 
observing tape and filling<corrier behovior of a 
Draper DSL shuttleless loom. Speed of the filling cor* 
rier is 274 picks per minute. The Flosh Delay makes it 
possible to observe the filling-carrier ot ony particular 
point on its poth. Synchronism with loom is accom¬ 
plished with the Type 1536-A Photoelectric Pickoff 
located neor o rim connected to the main power shoft 
and shown at the bottom of the photograph. 
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Figure 6. Study of thread behavior in high-speed sewing machine. Machine speed was 5000 stitches per 
minute; hook speed was 10,000 rpm. Photograph at left shows setup using Linhoff 4x5 with Poloroid film, 
Strobotac with attached Flash Delay, and sewing mochine (the bose of which is cut away to expose the parts 
underneath). Center and right photographs show the bobbin and hook action on thread at a specific pho$tt 
selected by means of the Flash Delay. Photographs courtesy of The Singer Company. 


rpm or higher; niiigc* 2 provides the 
‘^(>0-<legree ailjii.slment for spinnls Ix*- 
tween (UX) rpm imd (ttXK) rpm; range 3 
i.s used for s|)e(‘ds lx*lo\v rpm and 
for .s|xcial applications in which a delay 
as long as O.S second is ixxiuirt'd. 

lor single-flash photography, the 
output pulst* from the delay circuit goes 
lo a flip-flop gjile circuil instead of 
directly to the* out put stage. If the x con¬ 
tacts of a camera .shutter art' connected 
to a jack on the flash delay, their closure 
will make the gat(‘ circuit conduct, and 
the next synchronized, dc'layed puls(' 
will pass to the output stage. After this 
one pul.si' passes, the flip-flop gate will 
re.siH and again hecoim* noncondu<*ting. 
The flash delay, therefore, allows the 
first .synchronized pulse occurring after 
the cam(*ra shuitt'r o|X‘ns (xw'ontact 
closure) to trigger the strohoscoix. 
Synchronism is thus olitaiiu'd with both 
the shutter oixuiing and the desired po¬ 
sition of the rotating object. It is neces¬ 
sary to set the .shutter s|X'ed so that the 


shutter will Im* o^xai for one eomplete 
rotation cycle. 

'rhe flash delay is housixl in an alumi¬ 
num cas<* with brackcU which clips 
ilirectly to the Stuobot.vc electronic 
strol)o.sco]X‘ to make a conveniiMit, com¬ 
pact a.ssembly, as shown in Figure 1. 
Applications 

d'hc* Typk ir)31-A Stu()bot.\c^ elec¬ 
tronic stroboscope with the Type 1531- 
P2 Fla.sh Delay and the Type 153fl-A 
T’hotoel(‘ctric l^ickoff has wide applica¬ 
tions in th(‘ flevelopment, te.st, and main¬ 
tenance of all kinds of moving machin¬ 
ery. The textile, automotive, machine- 
tool, and bu.siness-machine industries 
are only a f<‘w of the many tliat will find 
this combination an invaluable tool. 
Th<‘ idulity to obtain .single-flash photo¬ 
graphs at any d(*sin*d po.sition of a mech¬ 
anism further enhanci's the value of 
the.s(‘ in.struments. Figures 4 through fl 
.show a few of the applications of this 
versatile 8trolx>scopt‘ as.sembly. 

— M. J. Fitzmouris 


SPECIFICATIONS 


Time-Delay Range: Approximately KX) micro- 
second.s to O.S serond in three ranges. 

Output Pulse: Better than 13 volts available for 
triggering the Type 1.531-.\ Strobotacelec¬ 
tronic stroboscope. ♦ 


Sensitivity: As little o-s 0.3-volt input will pro¬ 
duce sulficient output to trigger the stroboscope. 
Inputs: Phone jack for triggering; jack for 
camera synchronization. 

Power Requirements: 105 to 125 (or 210 to 2.XU 
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SPECIFICATIONS (Coni) 


vtilts, .VI to liO c|»s. .*» wult#' with Tyi*k l.^3lV-A 
wjniicctcNl. 

Acce«sorie« Supplied: Ttit^^or ciiiilo, plic»iu'*phic 
tuinptor, tiiid narryiiijf case*. 

Accessoriei Available: Tvi’K 1"»W-A 
••lii’frir PirkolT. 

I_ 

I531-P2 1 Flash Delay ~ 


Mourning: Aluimiiuiii ca>'i* with hmckcl which 
rli|K«- (lirecllv n!it<» tiu* Stkohotac Hcctrcmir 
slr<»ljo>ci »p«’. 

Dimensions: T* • h hy !»>’ inches (IBTi l>y 
Sh hy (If) limit. 

Net Weight: 2 |Mtumls (1 ktC). 

Shipping Weight: Ti (2.3 kg . 


('intt \ttfnhcr 

1 /VwY 

1531-9602 

1 $160.00 


MEASURING SURFACE SPEEDS 



Figure 1. View of the Surface*Sp«ed Wheel, showing 
the two speed discs and Ihe sectional shaft. 

TIu* Stipiuot.xc*' chTtronic strobo- 
.sroix‘, \vi(l(*ly u.s(m 1 for thi* mi*a.siin*itii‘nt 
niul aiKilysi.sttf rotary, nriproeatiiij;, and 
other n*|M*titiv(* motions, can now Ik* 
us4*(l for speed m(‘a.sMr(‘inent of slrai^ht- 
liiie motion. The new Typk ir>:^l-P3 
Surfaee-S|KH*tl Wheel ace(\s.sory makes 
the Sthohotac dial //ifrrt nailifnj in fret 
per minute for mcasiin'numts such as the 
followini^: 

IJneal Kpeeih of m(*tal strip, textile.s, 
pajK^r, win*, plastic film.s, conveyed 
mat(*rial, etc. 

Surface Hpeeds of procf'ssing rolls, 
machine-tofti ciittinj/^ or grinding o|K*ra- 
tinns, drums. Ik'Ii.s, webs, pulleys, etc. 

Heh slippage (m drums and, (*s|K*eially, 
U'tween belts on multiph*-lK‘lt pulleys 
to avoid unf'fpial load distribution and 
exet*.ssive wear. 

Description 

T'he new acec*ssory con.sists of two 
whe<*ls of tlifTi'rent sizes mounted on oi>- 
posite ends of a thre«*-.sf*etion, stainless- 
steel rod. The smaller wheel, with a di¬ 


ameter of 0.7l>l ineh, i.s l)t‘tter for slow 
surface sfK*eds, while the lai*ger whe<*l. 
witli a diameter of I.Pit) ineh, is Ih'sI 
.suil<‘d for high(*r surface speeils. Ilow- 
evi*r, their ust*ful ranges have* a large* 
amount of overlap, when* the chctict* etf 
which one* to u.st* can Ik* ba.sf*ti on acce.s- 
sibility. Tla* range of .surface sj^evds with 
the small(*r wheel is IO-2.'dK) feet i>i*r 
minute, and the range* of the largi'i* 
whe*t*l is oO- 12,000 feet \wr minute. 

Operation 

()[K*ration is extrenu*ly simple*. One 
of the wheels is simply allowenl to riele* on 
the* surfaeH* wheise* s|K*e*(I is to Ik* me‘as- 
ur(*d, and the whe*er.s inaige* is “ste>t)pe*ir’ 
by me*ansof the* stmlxiscopic light lK*am, 
afte*r which the surface* s|K*ed in fe*et pt*r 
minute i.s naul dire*e*lly freim the dial of 


Figur* 2. M 


ring bell tp««d with th« Surface* 
Speed Wheel. 
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the Sthobotac. The fact that only the 
wheel has to Ik* dose* to the surface 
whose* sp(*(*cl is to Ik* measured means 
that measurements can Ik* made in 
“close* (piarters.” 'riie lig:ht from the 
Sthobotac can penetrate well into the 
interior of machiiK'ry, and it is jK)ssible 
to build the wheel into such machinery 
if regular m(*asuremenls must Ik* made, 
l or a built-in wheel, a “push-to-engage” 
l(*ver is recommend(‘d in order to save 
wear on the wheel when a m(‘asur(‘ment 
is not actually Ix'ing made. 

SPECIF! 

Accuracy: The basic accuracy of the STRjmoTAC 
electronic stmhoscopo Is 1% of reatlinp; an 
additional 0.5% must be uildeil to account for 
errors in tliu diameter of ilie wheel, Riving 
an over-all accuracy of measurement of 1.5% 
of reading for .surface speed over the entire 
range of measureinont. 

Speed Range: 10 to 2500 feet per minute with 


The combination of the Sthobotac 
electronic strobo.scopo with the surface- 
six*ed wheel provid(*.s an extremely st*n- 
sitive indicator of small variations in 
linear s|K'ed and of dilT(*renccs in .s|K’ed 
bctwe(*n two or mon* .surfaces having the 
Siime nominal speed. .\ fraction of an 
r])m is prominently indicated when the 
siX'od of the whe(*l chang(*s. 

— W. R. Thuh.stox 
CREDITS 

The Typi-: 1531-P3 Surfan'-Spcctl Wheel 
was designed by U. .\. Mortensr^n of Mechani¬ 
cal D<?.sign (Jroup. — Kditou 

A T I O N S 

•small wheel and 50 to 12,500 feet per minute 
with large wheel. 

Dimensions: Wheels arc 0.704 and I.OlO inches 
in diameter, respectively. iShaft totals 20 inches 
in length. 

Net Weight: 8 ounces (0.3 kg). 

Shipping Weight: 2 |M)Unds (1 kg). 


Type 1 


1 f'nde XmnhvT | 

!*ncr 


1531.P3 1 

Surface*Speed Wheel.. 

. 1 1531-9603 1 

$15.00 



MONTREAL 

SALES- 

ENGINEERING 

OFFICE 



R. J. Provan 


(Tcncral Uadio\s now Montreal Sales- 
luigincering Office opeiuMl August I, 
lll(»3, just six years after the opening of 
our first Canadian office in Toronto. 

The new office is operating as a branch 
of our Toronto office to provide l>etter 


coverage and ser\'ice for customers in 
Quebec and the Maritime Province.s. 
The Montreal office also covers Ottawa, 
although Oovernment tendons should 
still be directed to the Toronto office. 

U. .1. Rrovan is in charge of the Mont¬ 
real office, with Miss Beverley (Uiddim 
as his .secretary. Oick Provan, who has 
b(K*n at our Toronto office since its 
opening, is well known to (’anadian 
engineers and scientists, having had ten 
years’ experienc e .selling (leneral Radio 
products. 

The .Montrc'al office is located at 
Office 395, 1255 Laird Boulevard. Town 
of Mount Royal, (Quebec, telephone 
737-3()73. 


General Radio Company 

WEST CONCORD, MASSACHUSETTS, U. S. A. 
NEW YORK SYRACUSE PHILADELPHIA WASHINGTON CHICAGO 
FLORIDA DALLAS SAN FRANCISCO LOS ANGELES CANADA 
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